Background: Paints and coatings include paints, varnishes, lacquers, stains, printing inks and more. A wide variety of volatile solvents are used in paint and coating manufacturing including aliphatic and aromatic hydrocarbons, alcohols, ketones and consist of more than 30% of most of paints. At low or moderate concentrations, the organic solvents may cause transient symptoms such as euphoria, headache and dizziness. At high concentrations, anaesthesia and disturbances in respiration and circulation may occur and may lead to death. Long-term exposure may cause damage to the Central Nervous System (CNS), such as cognitive and emotional deficits. Methods: A cross sectional study was conducted among 92 male workers exposed to organic solvents on performing their job in Koratol Paint Factory in Alaama Village in Sharkia Governorate. Another group of 95 workers, not working with organic solvents were selected from the Faculty of Medicine in Zagazig University and considered as a control group. All participants in the study were subjected to a pre-designed questionnaire to collect information about personal, socio-demographic data, occupational history, use of personal protective equipments, frequently perceived health complaints which included irritation symptoms (skin, eye and nose) and Questions of the validated questionnaire for the neuropsychological symptoms (Q22). Results: The neuropsychological symptoms score (Q22) revealed that 63.04% of solvents exposed paint manufacturing workers had neuropsychological symptoms, compared to about only 2.1% in control group and the difference was statistically significant. Regarding the relation between types of job done and results of neuropsychological symptoms score (Q22) there was increased risk for neuropsychological symptoms in production group than packing group (OR = 13.94) and for the duration of work the risk increased in workers with duration over 15 years (OR = 32.84). Logistic regression analysis showed that the most important predictors of neuropsychological symptoms were the type of job performed by the workers such as production or packing and their duration of work ≥15 years. Conclusions: The paint industry workers were at increased risk of several irritant and neuropsychological symptoms which significantly related to exposure to paint and organic solvents.
Introduction
Paint products are widely used in industry to provide surface coating for protection against corrosion, for appearance as electrical insulation, for fire retardation and for other special purposes. Paints can be applied by a variety of processes including brush, roller, dip, flow, conventional air spray, airless spray, disk spraying and powder coating [1] .
Organic solvents are widely used in industrial processes and in consumer products, commonly in the form of mixtures [2] . Commonly used solvents include isopropanol, toluene, xylene, solvent mixtures such as white spirits and the chlorinated solvents, methylene chloride, trichloroethylene, and perchloroethylene. The largest end user is the coatings industry where solvents play an important role in the quality and durability of paints and varnishes [3] .
In the processes involved in paint manufacture (such as mixing, milling, and shearing) workers are exposed to organic solvents that may cause a variety of symptoms, including transient symptoms of the central nervous system such as euphoria, headache, and dizziness at low or moderate concentrations and serious symptoms such as A. A. EL HAMID HASSAN ET AL. 88 fainting and respiratory and circulatory failure at high concentrations. Some of these solvents such as benzene, toluene, and xylenes (BTXs) are known for suspected carcinogens and need effective control [4] . Long-term exposure may cause damage to the Central Nervous System (CNS), such as cognitive and emotional deficits. In particular, solvent related chronic encephalopathy (SRCE) has been described in several studies. Toxic effects of organic solvents were reported to harm liver, kidney and skin. Occupational exposure to mixtures of organic solvents has been evaluated in many activities, such as painting, paint spraying, floor-laying, shoe making, laundries, graffiti removers, etc. [5] .
Organic solvents application grew to be wide and diverse in both developed and developing countries. The health effects of organic solvents have been known for more than a century. The introduction of chlorinated solvents in the 1920s led to reports of toxicity. Although solvents number in the thousands, only a few have been tested for neurotoxicity [6] .
The advent of industry has increased the need for different solvents. While only a few organic solvents were used at the turn of the last century, their number has today increased to several hundreds. Although the primary concern about their usage used to be related to their causing fire and explosion, their toxicological properties have to be considered as well. The most important toxicological properties of organic solvents are their ability to evaporate and to dissolve fats. By dissolving fats, organic solvents can damage haematopoetic tissue, the reproductive system, the nervous system, skin and all parenchymatous organs rich in fats [7] .
Aim of the Work
This work aimed to study the occupational health hazards due to solvents exposure among paint industry workers with the following objectives: 1) To study neuropsychological effects associated with solvents exposure among workers in the paint industry.
2) To identify occupational and personal risk factors that may be associated with these health problems.
Subjects and Methods

Study Design and Setting
A cross sectional study was carried out during the period from January to March 2008 at the Koratol Paint Factory in Alaama Village in Sharkia Governorate.
Target Population
The target population includes two groups of workers:  Exposed group: It includes workers in Koratol Paint Factory exposed to organic solvents on performing their job, these solvents include mixture of aliphatic and aromatic solvents like: xylene, toluene, methyl isobutyl ketone (MIBK), methyl ethyl ketone (MEK), acetone, mineral spirits, thinners and others.  Non-exposed group: It consists of workers not exposed to organic solvents at their current occupation nor even had a past history of exposure to solvents. They were taken from the Faculty of Medicine in Zagazig University.
Sampling Technique
The sample size was calculated through Epi-Info software version 6.1. Exposed group were 92 workers and they resembles the factory workers. Another group of 95 workers, not working with organic solvents were selected from the Faculty of Medicin in Zagazig University and considered as a control group and both groups were male workers. Both study and control group were comparable as regards age, residence, marital status and smoking habits.
II-Data Collection (Methods)
A pre-designed questionnaire was used to collect information from all participants about the following: Part one: includes questions about Personal and sociodemographic.
Part two: includes questions about Occupational history, Presence of a side job or hobbies, and Use of personal protective equipments.
Part three: includes questions about any past or present medical problems, Symptoms of eye, nose, throat, and skin irritation, and Questions of the validated questionnaire for the neuropsychological symptoms (Q22) proposed by [ 
Ethical Considerations
An informed consent was obtained from all participants of this study. The workers were told about the aim of the study, and they were informed that the data would be used for scientific purposes only. The workers were also given the right to refuse or participate in the study.
Statistical Methods
 The collected data were computerized and statistically analyzed using SPSS program (Statistical Package for Social Science) version 16.0. for the statistical calculations.  Data coding was done, and neuropsychological scoring system was used to determine the workers who Open Access OJSST
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have these symptoms and who don't. Qualitative data were represented as frequencies and percentages, Chi-square test was carried out for testing the association between the qualitative data whenever possible. The test results were considered significant when p-value < 0.05. Table 1 shows that the exposed and control group are comparable regarding socio demographic characteristics. The highest frequency was to the age group from 20 -<40 years being 70.7% in exposed group and 65.3% in control group. Most of the workers were rural residents and married, and only a small percentage of exposed and control group were illiterate (4.3%, 7.4%) respectively. Table 2 shows a higher frequency of psychological symptoms among paint manufacturing workers compared to control group. Having a headache at least once a week 80.4% followed by being abnormally tired 76.08% then feeling depressed without any particular reason 61.9% were the most frequent symptoms in exposed workers compared to controls and the difference were statistically significant. Table 3 shows high statistically significant differences between exposed and control groups in having painful tingling in some parts of the body and for having problems with buttoning and unbuttoning. The two symptoms are considered as both neurological and psychological symptoms. Table 4 shows that paint manufacturing workers are complaining from neurological symptoms more than their controls. Having difficulty in falling asleep 64.1% followed by being unable to remember things although they are on the tip of their tongue 51.1% then feeling weakness or unsteady in arms or legs 31.5% are the most frequent symptoms. However none of exposed and control groups reported frequency of bumping into people or things when moving around. Table 5 shows that about 63.04% of solvents exposed workers had neuropsychological symptoms according to the results of the (Q22) by answering yes to 7 -22 questions compared to about only (2.1%) in control group and the difference was statistically significant. Table 6 shows a significantly increased risk for neuropsychological symptoms in workers aged from 40 -60 years compared to the workers of 20 -40 years (OR = 7.29), also the risk increased with decreased level of education being higher in illiterate and read and write workers than school education workers (OR = 4.41, OR = 6.9). Regarding the duration of smoking and number of smoked cigarettes/day among smokers, the risk increased for duration of smoking more than 15 years (OR = 29.75) and for smoking 10 -20 cigarettes/day (OR = 17.0). Table 7 shows increased risk for neuropsychological symptoms in production group than packing group (OR = 13.94). The risk also increased in workers with duration of work more than 15 years (OR = 32.84), it shows that also the use of personal protective equipments doesn't decrease the risk for neuropsychological symptoms (OR = 1.35). Table 8 shows that the most important predictors of neuropsychological symptoms were the type of job performed by the workers such as production or packing and the duration of work ≥15 years.
Results
Discussion
Early studies in Scandinavia suggested that long term, high level, solvent exposure might be associated with a syndrome of personality change, memory impairment, and neurological deficits variously termed chronic toxic encephalopathy (CTE), the psycho-organic syndrome or solvent neurotoxicity [3] The prevalence of individual psychological symptoms were found to be significantly higher among paint manufacturing workers for every question. These results are consistent with the previous studies conducted on spray painters exposed to a mixture of volatile organic solvents and noticed neurobehavioral changes in their neurobehavioral profile [9, 10] . From these results, we can conclude that because there are more than nine million workers exposed to solvents in the workplace [11] , this population is at risk for a high prevalence of psychiatric problems and the potential for the development of substantial psychiatric disorders secondary to such exposure is great It was noticed from the results of this study that neurological symptoms are prevalent among workers exposed to organic solvents over non exposed. In this study, the most frequent symptoms that appear in the workers exposed to organic solvents include difficulty in falling asleep painful tingling in some parts of the body, can't remember things although they are on the tip of their tongue and weakness in the arms or legs. it was found to be in agreement with Several epidemiological studies which suggested that, exposure to mixture of organic solvents may contribute to an increased risk of neuropsychological disorders [12] .
However, by contrast with this some studies have not shown a relation between exposure to solvents and evidence of neuropsychological disease [13] . It is to be expected that there would be conflicting published results, as adverse effects of solvents are likely to be dose dependent, and many groups of workers are no longer exposed to high concentrations.
A total score of all symptoms, summarized from Q1 -22, showed that paint manufacturing workers had high scores, compared with controls, for both psychological and neurological symptoms. Regarding the level of education, the odds ratio (OR) showed increased risk with decrease level of education being higher in illiterate and read and write workers than school education workers. It has been suggested that low intellectual capacity may predispose to the development of neurotoxic effects of organic solvents and the duration of education is known to affect neurobehavioral performance, this was consistent with previous studies [9, 14] .
Results of this study showed increased risk for neuropsychological symptoms with increased age being higher for age 40 -60 years (OR = 7.29). This was consistent with several studies which showed that the neurobehavioral performance decreased with age [8, 9, 15] .
This study also showed increased risk for neuropsychological symptoms with tobacco smoking (OR = 1.35) and this risk increased with increase the amount of smoking being higher with smoking 10 -20 cigarettes (OR = 17.0). These results are found to be in agreement with some studies which showed relation between smoking and headache which wa ated to daily smoking s rel rate and pack-year history [16, 17] , also relation between smoking and sleep disturbance [18, 19] and these symptoms were attributed to nicotine exposure. Nicotine has vascular activities that increase the risk of tension and cluster headaches, also smoking can cause restlessness and smokers usually sleep very lightly at night and will wake up at the slightest noise, [20] in an epidemiological study, reported that active smoking was associated with difficulty initiating sleep (DIS), excessive daytime sleepiness (EDS), and difficulty waking up.
In contrast with these results, previous studies showed that the ORs for smoking and amount of tobacco smoking in relation to neuropsychological symptoms were not significant [8, 15, 21] .
Regarding the duration of work the odds ratio (OR) showed increased risk with increase years of exposure to paints more than 15 years (OR = 32.84). The possibility that the neuropsychological symptoms were caused by exposure to substances at work is suggested by the exposure response relation, relying on years worked in the paint manufacturing industry.
These results were in agreement with several studies that reported significant associations between duration of exposure to aliphatic and aromatic hydrocarbons and neuropsychological symptoms [8, 15, 22] . This study showed also association between neuropsychological symptoms and the type of job performed by the workers being higher in production group than packing group (OR = 13.94). This may be explained by the higher exposure in production group as they work in assembling of raw material, mixing, dispersing, thinning and adjusting sectors so they are more exposed to hazardous materials like pigments, dyes, additives and different types of solvents (e.g; xylene, toluene, methyl isobutyl ketone (MIBK), methyl ethyl ketone (MEK), acetone, mineral spirits, thinners and others). These results were found to be consistent with a previous study that showed that production group had higher rate of exposure than packing group [23] .
Regarding the use of personal protective equipments (PPE) in the form of gloves, the odds ratio (OR) showed that the use of PPE doesn't decrease the risk for neuropsychological symptoms (OR = 1.35). This is mainly due to increased dermal exposure as the use of these PPE was Open Access OJSST
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interrupted and thus cause increased neuropsychological symptoms.
On logistic regression analysis, it was found that the most important predictors of neuropsychological symptoms among solvents exposed workers were the type of job performed whether production or packing (OR = 192.9 for production group, OR = 1083.1 for packing group) and duration of work ≥15 years (OR = 23.4). These results were supported by previous studies which concluded that neuropsychological symptoms were related to exposure to organic solvents and significantly associated with type of work performed and duration of exposure [9, 21, 22] .
Constrains of the Study
 Some workers refused to cooperate despite sufficient explanations.  There was some hesitation of the factory workers to admit having symptoms for fear of being fired from their current job.
Recommendations
1) Stress the importance of efficient and regular replacement and periodic medical examination especially to production workers.
2) Train employees in solvent safety.
3) All workers should be trained on the first-aid measures for any chemical they are using. 4) Emergency eyewash stations and whole body showers should be installed in workplaces where solvents are used.
5) Maintain good hygiene practices. 6) Consideration should be given to the use of waterbased paint instead of solvents based paint. 7) Call to launch a syndicate for paint workers to collect statistical data about workers aiming for protection of their health.
Conclusion
The study has shown that the frequency of the irritant symptoms (eye, nose and skin irritation) was significantly related to exposure to paint and organic solvents. Also, paint industry workers were at increased risk of several neuropsychological symptoms. These are often minor and therefore easily dismissed as unimportant or accepted as "part of the job". Also, the knowledge about the safety measures of commonly used solvents is not understood and the need of pre-employment training is recommended on ongoing basis.
